Introduction
In the past decade, endoscopic endonasal approaches for the surgical management of skull base pathology have become Keywords ► complications ► skull base surgery ► cerebrospinal fluid leak ► hypopituitarism ► diabetes insipidus
Abstract
Objectives To characterize the temporal distribution and resolution rate of postoperative complications from endoscopic skull base surgery. Design Retrospective review of patients undergoing endoscopic resection of paranasal sinus or skull base neoplasm from 2007 to 2013. Setting Massachusetts General Hospital/Massachusetts Eye and Ear Infirmary Cranial Base Center. Participants Fifty-eight consecutive patients. Main Outcome Measures Postoperative complications were categorized as cerebrospinal fluid (CSF) leak, pituitary, orbital, intracranial, or sinonasal. Complications were temporally categorized as "perioperative" (within 1 week), "early" (after 1 week and within 6 months), or "delayed" (after 6 months). Results The most common perioperative complications were diabetes insipidus (19.0%), CSF leak (5.2%), and meningitis (5.2%), with resolution rates of 75%, 100%, and 100%, respectively. Overall, CSF leak occurred in 13.8% of patients and resolved in all cases. A total of 53.8% of all complications were evident within 1 week of surgery. Chronic rhinosinusitis was the most common delayed complication (3.4%). Hypopituitarism and delayed complications were less likely to resolve (p ¼ 0.014 and p ¼ 0.080, respectively). Conclusions Monitoring of complications after endoscopic skull base surgery should focus on neurologic complications and CSF leak in the early postoperative period and development of chronic rhinosinusitis in the long term. Late-onset complications and hypopituitarism are less likely to resolve. increasingly common. Initially, endoscopic techniques were applied solely to the surgical treatment of benign sinonasal inflammatory disorders, but as the understanding of endoscopic surgical anatomy improved so did the applications for endoscopic endonasal techniques. Endoscopic approaches have subsequently been applied to increasingly more complex disorders involving the skull base. Initially this technique was applied to benign processes, such as encephaloceles and pituitary neoplasms. However, recent evidence suggests that appropriately selected intracranial neoplasms as well as sinonasal malignancies can also be addressed with endoscopic approaches.
1,2 Endoscopic techniques offer several potential advantages to traditional open approaches including improved visualization of structures deep within the sinonasal cavity, the clivus, or the parasellar region. Endoscopic endonasal skull base surgery obviates the need to retract the frontal and/or temporal lobes of the brain to reach deep intracranial locations. 3, 4 Recent studies also suggest that overall morbidity may also be reduced [5] [6] [7] and hospital stays may be shorter 7, 8 with endoscopic approaches.
The trend of utilizing endoscopic endonasal approaches to the skull base mirrors similar trends toward less invasive procedures across other surgical subspecialties.
9,10 Endoscopic skull base approaches also leverage the skill sets of multiple surgical specialties, and such surgical collaboration has also led to increasingly sophisticated procedures and cross-pollination between disciplines.
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As the development and evolution of endoscopic endonasal approaches to the skull base have been reported over the last decade, the associated complications have also been described. Complications of endoscopic skull base surgery most commonly reported include cerebrospinal fluid (CSF) leak, visual changes, and meningitis, 8, [12] [13] [14] . ►Table 1 1 lists the pathologies of this cohort. The most common tumor pathology was pituitary adenoma (34.5%), followed by craniopharyngioma (19.0%), clival chordoma (13.8%), and meningioma (12.1%). Endoscopic approaches were categorized as transsellar (36.2%), transplanar (12.1%), transsellar/transplanar (20.7%), transclival (15.5%), transsellar/transclival (3.4%), transcribriform (8.6%), and infratemporal fossa resection (3.4%).
Skull base reconstruction was performed with a nasoseptal flap in 72.4% of cases and utilized a rigid underlay technique in 29.3%. Postoperative treatment consisted of adjuvant radiation therapy in 44.8% and adjuvant chemotherapy in 10.3% of patients. Notably, 6.9% of patients had undergone radiation preoperatively, either as a failed primary treatment or as neoadjuvant treatment before surgery. Lumbar drains were not routinely placed at the time of surgery, although they were occasionally utilized in the event of highflow CSF leak encountered during surgery (8.6%). There were no documented deaths in the study period.
►Table 2 shows the nonpituitary postoperative complications associated with the surgical cohort. In the immediate perioperative period (0-7 days), the most common complications were CSF leak (5.2%), meningitis (5.2%), and decreased vision (3.4%). All perioperative CSF leaks resolved within 1 week of diagnosis. Of the three patients with perioperative CSF leak, one patient required revision endoscopic repair; the other two CSF leaks resolved with the placement of a lumbar drain. All patients with perioperative diminished vision had recovery of visual loss, although the time frame for recovery was over several months. Meningitis occurred in three patients in the perioperative period that resolved with antibiotic treatment within 11 days of diagnosis.
Early complications (1 week to 6 months) were less frequent. Interestingly, five patients developed a CSF leak > 1 week after surgery. In this group, the CSF leak was transient and resolved spontaneously in one patient, required the placement of a lumbar drain in one patient, and required revision endoscopic skull base repair in two patients. Additionally, one patient ultimately required placement of a ventriculoperitoneal (VP) shunt for communicating hydrocephalus and intracranial hypertension; risk factors in this patient included morbid obesity, poorly controlled type 1 diabetes, and previous sellar irradiation. Intracranial complications did occur infrequently, with one patient developing a stroke, and one patient with small subacute subdural hematomas incidentally noted on imaging studies that resolved without intervention.
Delayed complications (> 6 months) were even less frequent. Chronic rhinosinusitis (CRS) was the most common delayed complication, occurring in 3.4% of all patients. One patient did developed meningitis > 6 months after surgery 
a Perioperative complications are defined as those occurring up to one week after surgery, early complications are defined as those occurring between one week and six months after surgery and delayed complications are defined as those occurring beyond six months after surgery. b The n value listed after each complication reflects the number of patients who had not experienced this complication preoperatively.
that resolved with antibiotic treatment. No CSF leaks were noted in a delayed fashion. Pituitary complications were considered separately in those patients undergoing surgery for pituitary adenoma, craniopharyngioma, and Rathke cleft cyst (►Table 3). Diabetes insipidus (DI) was the most common perioperative complication, with 100% resolution in the pituitary adenoma group and 75% resolution in the craniopharyngioma group. In the early and delayed periods, hypopituitarism was more common (five patients), and resolution was rare (one patient).
CSF leaks (seen in 13.8%) were more common in the early postoperative period than in any other time frame. Notably, all but one CSF leak occurred within the first 2 postoperative weeks. ►Table 4 details the eight patients who had CSF leaks. Of these cases, most CSF leaks resolved with placement of a lumbar drain, although three patients ultimately required revision endoscopic surgical repair, and one patient required placement of a VP shunt because of underlying intracranial hypertension. CSF leaks that developed after the first postoperative week were more likely to require operative intervention for control.
Resolution of complications was less likely if the complication was hypopituitarism (p ¼ 0.014; odds ratio [OR]: 0.06). Additionally, complications that developed after the perioperative period were less likely to resolve (p ¼ 0.080; OR: 0.09).
Discussion
With advances in image guidance technology, surgical instrumentation, and skull base reconstructive techniques over the past decade, endoscopic endonasal skull base surgery has emerged as an alternative approach for the treatment of many skull base lesions. 3, 19, 20 As endoscopic endonasal approaches continue to gain popularity, reports have suggested that the complication rate is less than that seen with open approaches. 2, 3, 7, 13, 21, 22 The overall complication rate for endoscopic endonasal skull base surgery is reported from 10 to 20%, 2, 4, 6, 7, 17, 21 although there is significant heterogeneity in the research cohorts in the literature. Given the rarity of skull base tumors, varying pathologies and different endoscopic approaches are usually included in the same cohort, which can confound the results. For example, endoscopic repair of skull base defects such as CSF leaks and encephaloceles are associated with a much lower incidence of complications than endoscopic resection of tumors. [23] [24] [25] With respect to skull base tumors, benign lesions often require less aggressive surgical resection and are therefore less likely to result in complications. 12 Although previous reports have detailed the frequency of postoperative complications from endoscopic endonasal skull base surgery, the temporality of postoperative complications, as well as their subsequent resolution, has not been described. Such knowledge is not only useful for patient counseling but also for postoperative monitoring and follow-up by the surgeon.
In the present study, we characterize the temporal distribution of complications from endoscopic endonasal approaches for resection of skull base neoplasms. In addition, we also reviewed the resolution of these complications. In our cohort, the most common perioperative complication, defined as occurring within the first postoperative week, was DI at 19.0%, which happened only in cases with sellar pathology; most of these cases resolved. This is consistent with reported rates published in several studies (range: 19-39%).
15,16,26
Transient vision changes were also noted within 1 week of surgery (5.2%). The vast majority of CSF leaks occurred within 2 weeks of surgery, and all resolved, with three requiring operative repair and one requiring placement of a VP shunt (►Table 4). Early (1 week to 6 months) and delayed (6 months 
0 -a Perioperative complications are defined as those occurring up to 1 week after surgery, early complications are defined as those occurring between 1 week and 6 months after surgery, and delayed complications are defined as those occurring beyond 6 months after surgery. b The n value listed after each complication reflects the number of patients who had not experienced this complication preoperatively. onward) complications were notable for a 10% rate of hypopituitarism that was less likely to resolve than other complications (p ¼ 0.014) and two cases of CRS that developed in a delayed fashion. Predictably, certain complications (DI, hypopituitarism) were associated only with sellar masses, but many other complications (visual changes, CSF leak, intracranial complications, CRS) are general to all endoscopic skull base procedures. Notably, there were no wound complications in our series; this is a potential advantage compared with transfacial approaches that carry a risk of delayed wound complications including nasocutaneous fistula.
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Special attention should be paid to the intracranial complications of endoscopic skull base surgery that can be devastating. In our cohort, although rare, intracranial complications were noted to occur in all time periods but were more likely to occur in the perioperative and early time period (►Table 2). One case was complicated by small bilateral subdural hematomas seen on postoperative scans that were managed conservatively. Stroke occurred in one patient, which was unrelated to the surgical approach or tumor manipulation. This case was a delayed infarct after endoscopic craniopharyngioma resection, believed to be related to vasospasm secondary to aseptic meningitis in the early postoperative period. Three other cases of meningitis resolved with antibiotic treatment including one case that presented 8 months after surgery. Although intracranial complications are rare, early identification and treatment is essential.
In summary, these data suggest that earlier complications tend to be more likely to resolve than later ones, although the association between late-onset complications and lack of resolution did not reach clinical significance in our study (p ¼ 0.080). These findings nonetheless serve a practical benefit to surgeons, who should monitor for transient electrolyte disturbances, CSF leak, and neurologic status immediately after surgery, and evaluate for permanent pituitary or sinonasal complications in the long term.
This study had several limitations. First, only joint otolaryngology-neurosurgery cases were included. This was done by design to reflect the multidisciplinary approach to skull base surgery, but it likely biased our cohort toward cases with more complicated pathology and surgical approaches. We excluded patients who underwent repair of CSF leaks, encephaloceles, and sinonasal neoplasms that did not necessitate intracranial dissection, instead focusing on patients with skull base neoplasms that required a two-team approach for resection. Because endoscopic repair of CSF leaks and encephaloceles are reported to have a very low complication rate, [23] [24] [25] 27 we believed that inclusion of these cases would skew the complication profile for this more complicated subset of patients. Thus the sample size is small, and the ability to detect associations and perform more extensive multivariate analysis is limited. In addition, both malignant and benign neoplasms were included in this series, and the planned surgical goals are often different in these two groups. The intent of this review was to focus solely on the endoscopic surgical approach and the associated complications, rather than disease outcomes. There is a chance that complication rates will be higher in patients who have recurrent or residual disease. Several patients had a short period of follow-up, although the average time was 1.4 years, limiting the conclusions that can be drawn about long-term complications. Minor complications like nasal crusting and intranasal adhesions were not recorded; such complications have been shown to occur at a low level after endoscopic skull base surgery but were not characterized in this study.
28

Conclusion
Endoscopic endonasal approaches for skull base neoplasms can be safely performed but have a distinct complication profile. Early-onset complications tend to consist of CSF leak and visual disturbances, and DI in patients with sellar pathologies. Complications that develop in a delayed fashion include CRS and hypopituitarism. Intracranial complications (e.g., hemorrhage, stroke) are rare. Early complications have a greater tendency to resolve, whereas later complications tend to be persistent. Although longer follow-up is required, these findings highlight the importance of vigilant long-term follow-up for patients undergoing endoscopic skull base surgery.
